This work analyzed water leached from soil treated with leachate from plant biomass ash. The ash was generated by industrial boilers used in the pulp and paper industry. Experiments were carried out in columns filled with soil, and the ash was then added to the soil to simulate field conditions. The ash was applied at 30 and 60 tons per hectare rate. The simulated rainwater was prepared for three scenarios: pH 3.0, 6.5 and 8.0. Each leaching experiment simulated an annual precipitation of 2,045 mm. The results showed that the parameter that demands more attention is aluminum concentration. In this context, in acidic conditions (pH 3.0) and with a significant amount of ash added (60 tons per hectare), the level of aluminum may reach the maximum level for drinking water. Despite the potential impact of aluminum, the use of ash from plant biomass in soil for agricultural purposes may serve as an alternative strategy for disposal of this waste.
INTRODUCTION
The pulp and paper production industry contributes significantly to Brazilian development by having the lowest production costs in the world. Brazil is the fourth largest pulp producer and the ninth largest paper producer in the world, and has the fifteen-largest consumer market (Bracelpa, 2012) . In light of these favorable economic conditions, the industry has sought to ensure sustainability for the various production components, especially the value and the use of the industrial waste. The waste from pulp and paper companies in Brazil is a product of the ubiquitous use of forest biomass as a fuel source. The burning of the forest biomass generates ash as a by-product, which requires adequate management in its disposal to avoid environmental problems.
The use of plant biomass to produce energy is ideal due to population growth and the current demand for sustainable energies, which made "shifting cultivation" an unsustainable system. Soil is used intensively in modern agriculture, requiring a replenishment of the nutrients removed with the harvest, which are chemical or organic in origin. The continuous and intense cultivation of agricultural areas creates an imbalance in soil fertility and mineral deficiencies because the majority of the soils in Brazil have low natural fertility (Prado et al., 2012) . These deficiencies could be corrected with the use of chemical nutrients, or a more economical and environmentally friendly alternative, such as the use of ash from plant biomass. The use of ash from plant biomass is an appropriate way to use such residue in addition to contributing to soil fertility, as it is found in large quantities (Pitman, 2006) .
The ash is composed of unknown amounts of macro and micronutrients, which should be analyzed by specific criteria. The presence of nutrients in ash has the potential to fertilize and to correct soil acidity (Melese et al., 2015) . In this context, studies are needed to understand the composition of the ash, and to determine the proper quantities and the effects of ash applied to the soil, subsoil, plants, feasibility of use (Ramos et al, 2016) , and effects on water in the subsoil. On the other hand, indiscriminate or excessive use of the ash may cause problems (Quirantes et al., 2016) . When considering the importance of cationic balance to plant development, nutritional imbalance provoked by inadequate doses of ash can impair cultivation (Mandre, 2006) .
In addition to the adverse effects on plants, the leaching of chemical compounds associated with the application of ash to soils may affect water quality. Studies related to the application of plant biomass ash to soil are scarce, especially as related to its impact on water quality. Thus, the objective of the present study was to describe the effects of applying plant biomass ash to soil by analyzing the quality of water leached from soil that received the ash.
MATERIALS AND METHODS

Sample collection and characterization of the soil
The soil used in this study was collected in the municipality of Xanxerê (Santa Catarina/Brazil). The soil originated from the geological formation of the Serra Geral (Brazil); the material of origin is basalt. The terrain of the collection site is undulated, presents good drainage, with no apparent erosion. The original vegetation is seasonal semi-deciduous forests, a mussununga ecoystem, currently with cultivation of annual species. The soil was characterized as Red Nitosol Dystrophic Latosol, according to the Brazilian System of Soil Classification.
Sample collection and characterization of the ash
The ash used in this study was placed in an industrial water tube boiler that uses plant biomass (Pinus taeda L. e de Eucalyptus sp.) chips as fuel. The boiler contains a rotating grate and produces 90 tons h -1 of steam, operating at a pressure of 60 bar. Two samples were taken from the ash storage container, and a 10 kg-sample composed of four 2.5 kg-fractions from different samples was prepared for the study. The ash was characterized according to the guidelines of ABNT/NBR 10004:2004 (ABNT, 2014a for the characterization of solid wastes. The tests recommended by the guidelines of ABNT/NBR 10005:2004 (ABNT, 2014b ) and 10006:2004 (ABNT, 2014c were carried out for leaching and solubility, respectively. These analyses of the two samples were conducted in an outside laboratory with accreditation from ISO 17025:2005 and were expressed as a mean.
Assembly and operation of the leaching columns
To simulate leaching, columns were mounted as shown in Figure 1 . For the material, PVC tubes and draining accessories were used with a nominal diameter of 100 mm. Soil samples were inserted in the column to compose a single layer of 100 cm, combining ten layers of soil sampled every 10 cm and measured starting from the surface to simulate the soil profile one meter deep. The bottom of the column was composed of a nylon screen with a 1.5 mm mesh and a 10 cm layer of inert crushed stone "No. 3" as a means of support. Doses of ash equivalent to 30 to 60 tons per hectare were added at the top. An experiment without the application of the ash was considered as the control. A fast-filtering filter paper was added above the ash and the soil (control) to evenly distribute the water fed for the leaching.
To evaluate the leaching water, simulated rainwaters were prepared with the addition of a mix of H2SO4 and HNO3 at a ratio of 1:1 (moles) as described in Agourakis et al. (2006) to attain a pH equal to 3.0. The experiment was also carried out with rainwater at a pH of 6.5 and water with a pH of 8.0, adjusted with ammonium hydroxide. The volume of rainwater applied to the columns was based on the average annual rainfall index, which is 2,045 mm for the municipality of Xanxerê (Santa Catarina), representative of a potential location for the application of ash. The simulated rainwater was fed to the column with peristaltic pumps, Model EX-P (Exatta  , Brazil). The unit of volume of the solution applied was the pore volume, corresponding to the volume of water necessary to occupy the empty spaces of the soil sample. Leaching water was initially added, corresponding to the pore volume of the soil sample, and kept into the column for 24 hours. After the initial application of the leaching water, five pore volumes of the leaching water were passed through the columns, equivalent to 1 year of rainfall. Samples were taken from the leachate of each pore volume for analysis of the chemical elements leached through the column for the type of rainwater. Three columns were assembled for each treatment to obtain the data in triplicate. The conditions with the pH of 3.0 were carried out only with the control and the addition of 60 tons per hectare, with the goal of evaluating only an extreme condition. 
Physical-chemical analyses of the leachate
For the chemical analysis of the leaching, the samples were initially passed through a vacuum filtration system (Merck/Millipore  , Germany) with circular membranes (47 mm) of cellulose acetate (0.45 µm) to remove the suspended solids in the sample. The pH, total dissolved solids, and dissolved oxygen were read using a multi-parameter probe, Model HI 98194 (Hanna  , USA).
The true color, chemical oxygen demand (COD), ammonia nitrogen (N-NH3), nitrate (N-NO3 -), total phosphorus (P) and chlorides (Cl -) were analyzed according to the standard methods for water analysis (APHA et al., 2005) . The true color analysis was carried out using the 2120 C Method, for the COD the 5220 D Method, for the N-NH3 the 4500-NH3 F Method, for the N-NO3
-the 4500-NO3 -Method, for the P the 4500-P Method, and for the Cl -the 4500-Cl -B Method. The analyses were carried out in a Pharo 300 spectrophotometer (Merck  , Germany).
The metals (aluminum, barium, beryllium, bismuth, calcium, cadmium, cobalt, chromium, copper, lead, iron, gallium, lithium, magnesium, potassium, selenium, sodium, and zinc) and boron were analyzed using an optical emission spectrometer (ICP-OES) Model OPTIMA 8300 (Perkin Elmer ® , USA). This equipment uses flat induction plates (Flat Plate™ plasma technology) instead of the traditional helical load coil and dual-view ICP-OES with two solid-state SCD detectors covering the spectral range from 163-782 nm. The samples were acidified with HNO3 P.A. to a concentration of 5% (v/v) for further detection in the equipment.
RESULTS AND DISCUSSION
Characterization of the ash
To characterize the crude sample of ash, tests of corrosivity, flammability, pathogenicity, reactivity, and toxicity were carried out. The results obtained were negative for all of the trials, which designates the ash as a Class II waste (ABNT, 2014a). The toxicity test was carried out through the leaching test according to NBR 10005:2004 (ABNT, 2014b . Arsenic, barium, cadmium, lead, total chromium, fluoride, mercury, selenium, and silver were analyzed, most of which presented concentrations below the detection limit for the method. Lead was the exception, and showed a concentration of 0.2 mg L -1 , which is below the maximum value allowed for the assay (1.0 mg L -1 ) for the leaching test.
Since the waste was classified as non-hazardous, the solubility test was carried out according to NBR 10006:2004 (ABNT, 2014c to classify the waste as non-inert (Class IIA) or inert (Class IIB) (ABNT, 2014a). Among the various parameters analyzed, only aluminum showed a concentration of solubility in the water above the recommended maximum value to be considered as inert waste. Thus, the waste was classified as non-inert and, therefore, Class IIA (non-hazardous and non-inert) (ABNT, 2014a).
Leaching experiments
To prepare the rainwater samples, preliminary experiments were carried out to characterize the water of the study area (Xanxerê -SC). Rains with a pH of 5.90 to 8.77 were observed. The pH of rainwater is linked to the activities carried out in the region. The rain tends to show acidic characteristics in urban areas and industrial parks (Migliavacca et al., 2004) . Rain tends to be more alkaline in regions with a predominance of agricultural activities (Cunha and Dalmago, 2000) . Previous studies have also correlated the alkaline pH of the rain with the presence of Ca and Mg in the dust of the atmosphere (Zhang et al., 2002) . In this context, the pH observed in the rainwater of the study area was considered alkaline and due to this region being strongly agricultural. Furthermore, the soil analysis showed a high concentration of Ca and Mg ions, which influence this behavior. Thus, to enable a more comprehensive analysis of the effect of rainwater quality on leaching, experiments were carried out in extremely acidic conditions (treatments with pH 3.0). Figure 2 shows the dynamic in the variation of physical-chemical parameters related to the quality of the leaching water. The experiments were carried out for three different levels of pH of the rainwater, and different quantities of ash applied to the soil.
In relation to the pH (Figure 2A ), the leaching water was observed to maintain pH in the range 5.5 to 6.5, independent of the initial pH of the rainwater that passed through the soil column. This observation is linked to the buffer effect created by the soil in question. In this context, ions such as K + , Ca 2+ and Mg 2+ present in the soil have the capacity to execute the ion exchange with H + ions (Manahan, 1994) . Furthermore, the presence of residual alkalinity (HCO3 -and H2PO4) generates a buffer system consisted of, HCO3 -/H2CO3/CO2 as an example, according to the Reaction 1. 
For total dissolved solids, the World Health Organization, WHO, (2011) indicates the maximum concentration to be 600 mg L -1 for drinking water. The concentrations of total dissolved solids for the rainwaters with pH 6.5 and 8.0 did not exceed 35.5 mg L -1 in any of the tests. Even for an extreme situation with a pH of 3.0, the concentration of the dissolved solids in the leaching water reached a mean value of 157 mg L -1 . The true color for drinking water should present a maximum value of 15 TCU (true color unit) according to WHO (2011) . The true color test indicates the presence of inorganic ions and dissolved organic material. The true color in the tests of the present study was below 17 TCU ( Figure 2B ), indicating that the leachate was slightly impacted by the pH of the rainwater and/or the dose of the ash. In addition, the experiments with ash addition and the blank tests were similar. Furthermore, the chemical oxygen demand (COD) was measured for all treatments, and the results showed values below 10 mg L -1 , indicating that there is no significant solubility of organic material in the water. The COD was derived by measuring the dissolved oxygen, which showed no significant difference between treatments.
Nitrate is an important ion that may harm human health. Thus, its concentration according to the standard requirement for water drinking (WHO, 2011) is 50 mgNO3 -L -1 or approximately 10 mgN-NO3 -L -1 . Water treatment plants do not have the technology to remove nitrate due to its high solubility, requiring control mechanisms to remain at the source. Higher rates of certain Rev. Ambient. Água vol. 12 n. 5 Taubaté -Sep. / Oct. 2017 cancers are reported in people who ingest high doses of this anion (Wick et al., 2012) . The results indicate that the soil used in the present study releases concentrations above the limit previously specified during the passing of one-and two pore volumes of leaching water. This behavior, however, is not exclusive to the treatments that received the ash, since the control experiments showed the same behavior ( Figure 2C ). Previous studies demonstrated that nitrate has high mobility in soil, mainly negatively charged soil (Oliveira and Mattiazzo, 2001) . The presence of nitrate in soil can be associated with the use of nitrogenous mineral fertilizers (Araújo et al., 2004) . The ash in the present study did not contribute to the increased load of this ion in the leachate. The analysis of ammoniac nitrogen was also carried out and found values less than 0.1 mg L -1 , suggesting that the predominant form of nitrogen in the soil could be the nitrate. The quality of drinking water requires concentrations below 1.5 mg L -1 , according to WHO (2011) .
For chlorides, the standard for drinking water according to the cited references is 250 mg L _1 . This value was not exceeded in any of the leaching water samples of the present study ( Figure 2D ), suggesting that there is no influence on the salinity of the water leaching through the column due to the function of the chlorides, even with the addition of the ash. For phosphorus, the concentration limit of the method was 0.02 mg L -1 , which was also not exceeded in any of the tests in the present study. In addition to these parameters, various metals and boron were also analyzed. The following metals and boron showed concentrations below the detection limit of the analytical method (mg L -1 ), indicated in parentheses, as follows: cadmium (0.006), cobalt (0.009), chromium (0.028), copper (0.027), boron (0.056), barium (0.006), beryllium (0.046), bismuth (0.155), iron (0.023), gallium (0.015), lithium (0.0002), lead (0.085), selenium (0.454) and zinc (0.016). Sodium was detected, but no difference was found between the control treatment and the experiments that received the ash.
The graphs shown in Figure 3 represent the increase in measured concentrations of the leaching water due filtration through the soil columns of the control and those that received the ash. The aluminum was observed to be pulled by the rainwater in acidic conditions (pH 3.0), generating an increase of 0.19 mg L -1 in the average concentration ( Figure 3A ). This was detected with the application of 60 tons per hectare of ash. For the control, the increase was on average 0.07 mg L -1 . Whereas studies claim that a health-based value would be 0.9 mg L -1 for drinking water, water treatment facilities are able to produce water containing less than 0.2 mg L -1 of aluminum, which is the standard value for drinking water (FAO and WHO, 2006) . Thus, considering the characteristics observed for the ash, the aluminum is the ion that can be extractable and should thus receive special attention. For the most alkaline conditions used in the present study, the aluminum was not observed to be pulled through the columns, perhaps due to the speciation of the aluminum in less soluble forms. For the pH of 8.0 and the application of ash at 60 tons per hectare, however, a trend of aluminum extraction was observed for the passing of greater than four pore volumes. In these conditions, the excess aluminum added to the medium through the ash can promote the movement of this ion, enabling the detection of its concentration in the leachate.
Calcium ( Figure 3B ), magnesium ( Figure 3C ) and potassium ( Figure 3D ) were also observed in the leachate for the more acidic condition (pH 3.0). This effect may be related to the neutralization capacity of the soil and ash, since these cations represent a basic portion of the medium, and thus have the capacity to neutralize the acidity of the leachate. Furthermore,
